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A Comparison of Clinical Index and Ejection Fractions in Predicting 
Cardiac Complications Following Infrarenal Aortic Reconstruction* 
R. B. Galland, J.A. Michaels, A. Toms, A. Whyman, K. Luxton, J.A. Bell and C. Verghese 
Royal Berkshire Hospital, London Road, Reading, RG1 5AN, U.K. 
Objective: To compare the Detsky clinical cardiac risk index with ejection fraction measurements in predicting 
postoperative cardiac events. 
Design: Prospective study. 
Setting: District General Hospital. 
Materials: 48 patients undergoing infrarenal aortic reconstruction. 
Chief outcome measures: Ejection fractions were measured both by echocardiography and a technetium 99 MUGA 
scan.  
Main results: Three patients developed four major cardiac events (L VF three, fatal myocardial infarction one). Fourteen 
patients experienced 15 minor cardiac events (arrhythmia 11, ST segment depression four). The clinical index predicted 
postoperative cardiac problems (p = 0.0001). There was no correlation between ejection fraction measurement and 
postoperative cardiac events nor between ejection fraction measurements and the clinical index. Combining the index with 
ejection fraction measurement provided no additional information over the index alone. 
Conclusions: Calculation of a clinical index before aortic reconstruction isa simple and reliable way of selecting patients 
who are at risk of developing postoperative cardiac events. 
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Introduction 
Coronary artery disease, which may be symptomatic 
or asymptomatic, is common in patients undergoing 
infrarenal aortic reconstruction. Postoperative mor- 
bidity and mortality following aortic reconstruction is 
largely due to cardiac auses. 
Routine coronary angiograph~ proceeding if nec- 
essary, t6 correction of coronary occlusive disease has 
been suggested for all patients about to have infra- 
renal aortic reconstruction, z However, most would 
agree that this exposes large numbers of patients to 
unnecessary investigations and treatment. Selection of 
patients who are at risk of developing postoperative 
cardiac problems, and who might benefit from such 
investigation and treatment would be useful. The 
principal means of identifying these high risk patients 
include clinical risk evaluation, measurement of ejec- 
tion fractions and stress testing. 
Stress testing by means of dipyridamole-thallium 
scanning can reliably detect myocardial defects. These 
may be fixed (indicating previous infarction) or 
*(Presented at Eurosurgery 93September 1993) 
transient (indicating ischaemia). However, complica- 
tions can occur with this technique and severe 
hypertension and myocardial ischaemia have been 
described following dipyridamole infusion. 3
We have shown previously that the Detsky 
modification of Goldman's risk index satisfactorily 
identifies patients at increased risk of developing 
cardiac problems following infrarenal aortic recon- 
struction. 4 The aim of this study is to compare this 
index with ejection fractions measured by both echo- 
cardiography and isotope scans. 
Patients and Methods 
Forty-eight consecutive patients about to undergo 
elective infrarenal aortic reconstruction had ejection 
fractions measured by echocardiography and isotope 
scans. In addition a clinical index of cardiac risk was 
calculated. The study was prospective. The decision to 
carry out the operation was based upon the expected 
benefit of dealing with the presenting condition 
balanced against he risks determined by the patient's 
general medical condition. Patients having emergency 
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or urgent reconstructions were excluded. Thirty-three 
patients had abdominal aortic aneurysms repaired 
(AAA), 14 had aortofemoral bifurcation grafts (AFBG) 
for occlusive disease. One patient had an aortoiliac 
endarterectomy. There were 41 men and seven 
women, median age 67 years (range 38-84). Opera- 
tions were performed under general anaesthesia. 
Continuous Swan-Ganz monitoring was carried out 
on all patients studied. This was continued through- 
out the patients' stay on Intensive Care Unit (ICU). 
Vertical abdominal incisions were used for AAAs and 
transverse for AFBGs. Groin incisions, when required, 
were vertical. Of the patients with AAAs six had 
bifurcation grafts. All patients were transferred from 
operating theatre to ICU for a planned 24 hour stay 
before transfer back to the surgical ward. 
Clinical risk index 
The scoring system used is shown in Table 1. It can be 
seen that there is a relative weighting of symptoms. 
Aortic stenosis, angina and recent LVF or myocardial 
infarction have high scores. The symptom scores for 
each patient are simply added to calculate the index. 
Data were collected by the house surgeon after the 
patient had been admitted for the aortic reconstruc- 
tion. No patients had their operations deferred at this 
point .  Both ejection fraction tests were completed 
before admission. 
Measurement of left ventriculc~r ejection fraction from 
multiple gated blood pool scans (MUGA) using 
technetium 99m labelled red cells 
Red cells were labelled in vivo with 700 mega- 
becquerels (MBq) Tc 99m following stannous loading of 
the erythrocytes (Amersham International plc). A 
three-lead ECG was attached to the patient to give a 
distinct R wave which was used to trigger the 
camera/computer  acquisition cycle (Siemens ZLC 
7500). Data were collected over a pre-set number  of 
beats (400) and the ejection fraction calculated. 5
Measurement of left ventricular ejection fraction using 
echocardiography 
Left ventricular function was assessed echocardio- 
graphically using a Hewlett Packard Sonos 1000 
ultrasound machine. Quantitative M-mode echocar- 
diograms were used to calculate jection fraction from 
parasternal long axis dimensions using the Teichholz 
formula. 6 Additionally qualitative assessment was 
made of LV function from apical two-dimensional 
views. Overall left ventricular function was visually 
graded as good, impaired or very poor. 
All of the information concerning indices and 
ejection fractions was available to anaesthetist and 
surgeon preoperatively. 
Identification of postoperative events 
In addition to preoperative ECG, the cardiac rhythm 
was monitored peroperatively and postoperatively on 
the ICU. Cardiac enzymes were checked 24 hours 
postoperatively and subsequently if clinically indi- 
cated. A 12-lead ECG was taken on postoperative days 
one and seven and whenever appropriate clinically. 
Left ventricular failure and myocardial infarction 
were classed as major cardiac events. Arrhythmias 
unrelated to myocardial infarction, and not associated 
with cardiovascular compromise were regarded as 
minor events. Transient ST changes on ECG were also 
included in minor cardiac events. 
A myocardial  infarction was diagnosed in the 
presence of evolutionary ECG changes associated with 
elevation of cardiac enzymes at least 50% above 
Table 1. Multifactorial scoring index and number of patients with 
each variable 
Score Number of patients 
with variable (%) 
M I within 6/12 10 
more than 6/12 previously 5 5 (10) 
Angina 10-20 3 (6) 
LVF within 1/12 10 
at any time 5 1 (2) 
Aortic stenosis 20 
Arrhythmias on ECG 5 5 (10) 
Age > 70yrs 5 16 (33) 
Poor general condition* 5 5 (10) 
* PO 2 < 8 k Pa, PCO2 > 6.5 kPa, serum potassium < 3.0 mmol 1-1, 
serum bicarbonate <20 mmol 1-1, serum urea > 18 mmol 1-1, serum 
creatinine > 260 umol 1 -~, abnormal serum transaminase, signs of 
chronic liver disease or bedridden for non-cardiac reason. The 
presence of hypertension and diabetes mellitus were also noted but 
were not included in the risk score calculation. 
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normal. Unstable angina was that lasting 30 minutes 
or less, not necessarily in the presence of ECG 
changes. The diagnosis of congestive heart failure 
required signs or symptoms of pulmonary •edema 
needing a change in medication. 
Statistical analysis 
This was carried out using the Cochrane-Armitage X 2 
test for trend or simple regression analysis as 
appropriate. 
Results 
Table 1 shows the number of patients with each 
preoperative variable. No patient had had a recent 
myocardial infarct or LVF and none had aortic 
stenosis. The clinical index was calculated for all 
patients. In one patient he isotope ejection fraction 
could not be measured because of failure to obtain a 
satisfactory R wave on ECG. Parasternal views could 
not be obtained by the echo on five patients and 
therefore the ejection fraction could not be 
calculated. 
Within 30 days of operation three patients (6%) 
experienced four major cardiac events (LVF three, fatal 
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Fig. 1. Likelihood of postoperative cardiac morbidity related to 
clinical index. No cardiac morbidity, median score 0, cardiac 
morbidity median score 5. 
myocardial infarction one). In addition, 14 patients 
(29%) experienced 15 minor cardiac events (atrial 
fibrillation 9, sinus tachycardia two, ST segment 
depression four). 
The clinical index proved a good predictor of 
postoperative cardiac events as shown in Fig. 1 
(p = 0.0001, Cochrane-Armitage )~2for trend). On the 
other hand, there was no correlation between the 
ejection fraction, as measured either by isotope or echo 
studies and the subsequent development of complica- 
tions (Figs 2 and 3). Figure 4 shows that there was no 
correlation between the two measurements of ejection 
fraction nor between them and the prediction of 
cardiac complications. All but five patients were 
graded as having good left ventricular function with 
the echo. This provided no further information in 
predicting subsequent cardiac problems. 
There was no statistically significant correlation 
between the index and either ejection fraction meas- 
urement (R = 0.16, p = 0.324, simple regression analy- 
sis). Calculation of the ejection fractions provided no 
additional information over the index alone. 
Four of the six patients with an isotope ejection 
fraction less than 35% developed complications. This 
failed to reach statistical significance due to the small 
number of patients within the group. This might 
suggest hat a very low isotope EF is a specific, but 
insensitive, predictor of complications. The best dis- 
criminator based on our data is obtained with a 
threshold of 50%. This provides a high risk group (12 
complications out of 27) and low risk group (five 
100 
v 
o 
¢d 
o 
¢9 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
I e 
i 
• @ 
No cardiac Cardiac 
morbidity morbidity 
Fig. 2. Likelihood of postoperative cardiac morbidity related to 
isotope jection fractions. 
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Fig. 3. Likelihood of postoperative cardiac morbidity related to echo 
ejection fractions. 
complications out of 20). Again, this fails to reach 
statistical significance. High and low risk groups can 
also be calculated using a clinical index. With a 
threshold of five there are complications in two of 24 
low risk versus 15 of 24 high. If the threshold is 10 
there are 11 of 39 in the low risk versus six of nine in 
the high risk. The combination of clinical index and 
isotope ejection scan provided no additional informa- 
tion over the index alone (see Table 2). 
The three patients ustaining major cardiac events 
had indices of 10, 10 and five. Their respective cho 
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Fig. 4. Echo versus isotope ejection fractions in predicting 
postoperative cardiac morbidity. 
Table 2. Probability of cardiac events based on high risk groups 
determined by clinical index and isotope ejection fractions (only 
the 47 patients having both tests are included) 
Index < 5 
Low risk High risk Total 
Isotope Low risk 2/15 (13%) 3/5 (60%) 5/20 (25%) 
< 50% 
High risk 0/9 (0) 12/18 (67%) 12/27 (46%) 
Total 2/24 (9%) 15/23 (65%) 17/47 (37%) 
and isotope ejection fractions were 61% and 32%, 67% 
and 41% and 62% and 40%. 
Discussion 
Coronary artery disease has been demonstrated angio- 
graphically in over 90% of patients undergoing AAA 
repair. 7Following aortic reconstruction serious cardiac 
problems (cardiac death, myocardial infarction or 
LVF) have been reported in approximately 15% of 
patients. Less serious cardiac complications occur in 
25%. 8 The corresponding figures following peripheral 
vascular reconstruction are six and 18%. However, the 
incidence of silent perioperative ischaemia isprobably 
even higher. In a study of 24 patients with stable 
coronary disease undergoing continuous ECG mon- 
itoring after peripheral vascular reconstruction, 15 
developed postoperative silent ischaemic hanges. 9 In 
our study approximately one third of patients devel- 
oped major or minor cardiac omplications following 
aortic reconstruction. The~e results are similar to a 
previous study from this department. 4 Since cardiac 
enzymes were only checked routinely 24 hours post- 
operatively and ECGs only carried out on days one 
and seven it is possible that cases of silent myocardial 
infarction could have been missed. 
The best means of identifying patients who might 
benefit from cardiac revascularisation prior to aortic 
reconstruction has yet to be defined. Measurement of
ejection fractions is a technique which has become 
widely used. The results from individual studies 
concerning its value in predicting postoperative car- 
diac morbidity and mortality are conflicting. How- 
ever, a meta-analysis of seven reports involving 575 
patients undergoing peripheral vascular operations 
showed that an ejection fraction of less than 35% was 
associated with significantly high cardiac mortality, z°
Of the six patients in our series who fell into this 
categor~ complications developed in four. There is 
also some evidence that patients undergoing major 
vascular econstruction with an ejection fraction less 
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than 29% have a reduced long term survival. 11 In our 
hands, calculation of ejection fractions using a MUGA 
scan failed to predict postoperative cardiac events 
either alone, or when combined with the clinical 
index. 
Non-invasive two-dimensional echocardiography 
can be used to detect abnormalities of ventricular 
movement and to calculate ejection fractions. Our 
results fail to show any correlation between post- 
operative cardiac events and the ejection fractions so 
calculated. A recent report 12 suggested that dobuta- 
mine stress echocardiography might be valuable in 
selecting high risk patients. It has the potential 
advantage over dipyridamole-thallium scans of lower 
cost, no exposure to radiation and of being quicker to 
carry out. 
Individual risk factors have been studied in an 
attempt o define high risk patients. Age, previous 
myocardial infarction, angina, hypertension and dia- 
betes have been supported by some but refuted by 
others. 13 In a recent study of 555 patients undergoing 
infrarenal aortic reconstruction the perioperative myo- 
cardial infarction rate was 6.3%. 14 A history of 
transient ischaemic attacks, elevation of serum crea- 
tinine, age more than 60 years, and angina requiring 
treatment were significant independent risk factors. In 
our earlier study angina was the only statistically 
significant risk factor associated with cardiac compli- 
cations following infrarenal aortic reconstruction. 4 
Combining factors to calculate clinical risk indices is 
attractive. We have previously found that Detsky's 
modification of Goldman's risk factor index can 
effectively divide patients into high and low risk 
groups. 4 Patients undergoing infrarenal aortic recon- 
struction with a risk index of 10 or more were 
significantly more likely to undergo a postoperative 
cardiac event han those with a score below 10. Similar 
results, in patients undergoing a wide variety of 
peripheral vascular econstructions have been found 
by others. 15'16 The Goldman index has also been found 
to correlate with long-term survival after AAA 
repair. 17 In the present study we have again demon- 
strated a significant correlation between the Detsky 
index and likelihood of postoperative cardiac prob- 
lems. The risk index failed to correlate with the 
ejection fraction as measured either by the MUGA 
scan or by echocardiography. 
In all elective vascular operations the risks of 
cardiovascular complications are a major influence in 
the decision to operate. This is particularly true of the 
treatment of small aortic aneurysms where the risk of 
rupture must be carefully weighed against he proba- 
bility of operative complications. The identification of 
subgroups of patients with quantifiable risks may 
make it possible to select an appropriate management 
regimen for each individual patient on a scientific 
basis, is Where reconstruction is indicated the identi- 
fication of a high risk group may allow further 
measures to be taken to reduce the likelihood of 
complications. If time allows, patients defined by a 
risk index of being in a high risk group should 
undergo dipyridamole-thallium scanning to detect 
reversible perfusion defects. These patients hould be 
considered for cardiac revascularisation before 3 or 
perhaps combined with aortic reconstruction. 19 
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